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Statement

1. Implementation. The softwares of the CUCKOO Workgroup are implemented in
JAVA (J2SE). Usually, both of online service and local stand-alone packages will be
provided.

2. Availability. Our softwares are freely available for academic researches. For
non-profit users, you can copy, distribute and use the softwares for your scientific
studies. Our softwares are not free for commercial usage.

3. GPS. Previously, we used the GPS to denote our Group-based Phosphorylation
Scoring algorithm. Currently, we are developing an integrated computational platform
for post-translational modifications (PTMs) of proteins. We re-denote the GPS as
Group-based Prediction Systems. This software is an indispensable part of GPS.

4. Usage. Our softwares are designed in an easy-to-use manner. Also, we invite you to
read the manual before using the softwares.

5. Updation. Our softwares will be updated routinely based on users’ suggestions and
advices. Thus, your feedback is greatly important for our future updation. Please do not
hesitate to contact with us if you have any concerns.

6. Citation. Usually, the latest published articles will be shown on the software
websites. We wish you could cite the article if the software has been helpful for your
work.

7. Acknowledgements. The work of CUCKOO Workgroup is supported by grants
from the National Basic Research Program (973 project) [2013CB933902,
2012CB911201, 2012CB910101]; National Natural Science Foundation of China
[31171263, 81272578]; the Guangdong Natural Science Funds for Distinguished
Young Scholar [S20120011335]; Zhujiang Nova Program of Guangzhou
[2011J2200042]; Program of International S&T Cooperation [2014DFB30020].
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Introduction

Among the many protein post-translational modifications, sumoylation acts as a
crucial biochemical process in the regulation of a variety of important biological
functions. By specificly attaching a SUMO protein to a substrate, protein sumoylation
could regulate multiple biochemical properties of protien target like the stability,
activity, intracellular localization and protein interactions (1-3). Thousands of studies
uncovered that sumoylation is essential for a serises of cellular processes, including
DNA damage recovery, gene expression, chromosomal integrity as well as nuclear
protein assemblies (4,5). In addition, protein sumoyaltion has shown to be intimately
correlated with human diseases such as Alzheimer’s disease (AD) (6), Parkinson’s
disease (PD)(7), viral infections(8), cardiac disease (9,10) and cancers(11).

Recently progresses revealed a class of SUMO-interaction motifs (SIMs) or
SUMO-interacting motifs (SIMs), which mediate non-covalent interaction between
SUMO and other proteins. The hydrophobic core of V/I-X-V/I-V/1 or similar motifs
provide additional specificity for sumoylation, and generate an interface for
protein-protein interaction. However, such a motif will generate a huge number of
potential hits for proteomic survey, which might be difficult for ambiguously
experimental verifications. To data, there were only dozens of SIMs experimentally
identified in proteins. In this regard, an accurate and efficient predictor is in urgent need
for further experimental manipulation.

In this work, we reported an update of SUMOsp2.0 and renamed it to GPS-SUMO
by mainly adding a novel SIM prediction feature. We first manually collected 151
known SIMs in 80 proteins from scientific literature. A new generation GPS
(Group-based Prediction System) algorithm integrated with PSO (Particle Swarm
Optimization) method was employed for predictor training. Due to the data limitation,
only the leave-one-out validation was carried out to evaluate the prediction
performance, with the sensitivity (Sn) of 92.7% and the specificity (Sp) of 95.0%.
Additionally, to cover classic sumoylation sites prediction, the improved GPS
algorithm and latest dataset were applied (986 sumoylation sites in 545 proteins). As
the first computational tool for prediction of both SIMs and sumoylation sites, the web
service of GPS-SUMO were implemented in JAVA and PHP, which is freely available
at http://sumosp.biocuckoo.org/.
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File Tools Help

Predicted Sites

D Position Peptide Score Cutoff Type
GIMS4 i) EENLERAKREDLEVS 16128 16 Sumaoylation
GlMG4 ag TLECRELMEIEKFFFH 30,573 16 Sumoylation
GIMS4 182- 186 VRERQEN ILVEF DTDEQRD B3.926 59.29 SUMO Interaction

RMF111 18 YHELYTLEVIMESEI 40.499 J6.62S Sumaoylation
RKF111 18 TTLEVDMESEIRSDA 3145845 16 Surmaoylation
RMF111 110 SYVONCVEENQGILG AT.643 J6.62S Sumaoylation
RMF111 300- 304 IGIIDED VVVIE ASITPOV 69235 59.29 SUMO Interaction
RMF111 326 - 330 VTSTDSE VEIVT VGESYRS 69893 59.29 SUMO Interaction
RMF111 382- 386 LRONAAE VVDLT VDEDEFT Fren 59.29 SUMO Interaction

Enter sequence(s) in FASTA format

oINS

MTEEYDFLGQODEDGGEEEVYLTPAELIERLEQAWNMMNEKF AFELLEEKPENVECYMEQLEHMEENLRRAKREDLKYSIHAMEMERIRYYLESYLRCRLMKIEKFFPHYLEKEKTRFEGERS
FRMF111

WS TPEYHELY TLKYDMKSEIPSDAPKTAESLKGILLHPEPIGAAKSFPAGYEMINSKYGMNEF SHLCDDSQKEEKEMNGHNAAEQEKSLWRKKRKSQOAGPEYWENCYKENGGILGLE

<] Il [ []
Sumoylation Threshold SUMO Interaction Threshold Console
|Medium | - ‘ |Medium | - | | Example | Clear | Load File Submit

GPS-SUMO 1.0 User Interface
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Download & Installation

The GPS-SUMO was implemented in JAVA (J2SE), and could support three major
Operating Systems (OS), including Windows, Linux/Unix or Mac OS X systems.
Both of online web service and local stand-alone packages are available
from:  http://sumosp.biocuckoo.org/online.php. We recommend that users could
download the latest release.

Please choose the proper package to download. After downloading, please double-click
on the software package to begin installation, following the user prompts through the
installation. And snapshots of the setup program for windows are shown below:

'®s Setup — GPS-SUNO 1.0 P |

Welcome to the GP5-5UMO 1.0
Setup Wizard

Thiz will install GPS-S5UMD 1.0 on wour computer.

It 1z recommended that wou cloze all ather
applications before continuing.

Click NMext to continume, or Cancel to exit Setup.

[ Next > | [ Caneel |
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| @s Setup — GPS—SUNO 1.0

Select Destination Directory W'
|

Where shonld GPS-SUMD 1.0 be installed? _.-,.JJ
Sy

Select the folder where wou would like GPS-SUMO 1.0 to be installed, then
cliclk Mext.

Destination directory

Program Files'Group—based Prediction System'GPS-SUMD Browse. .. |

Begquired disk space: 143.8 ME
Free disk space: 95, 606 ME

| <. Back || Next > || Cancel |

| #s Setup — GPS-SUNO 1.0

Installing w|
|
Please wait while Setup installs GPS-S5UMD 1.0 on wour computer. _.-,.JJ
77
Extracting files. ..
dog',
1010 0 0 0 4
[ Cancel
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| @s Setup — GPS—SUNO 1.0 =

Completing the GPS-5UMO 1.0
Setup Wizard

Setup has finished installing GPS-SUMO 1.0 on your
computer. The application may be launched by
selecting the installed 1cons

Click Finish to exit Setup.

Eﬂ Create a desktop 1com

[# Fun GPS-SUMO 1.0

Finish |

Finally, please click on the Finish button to complete the setup program.
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Prediction of SUMO modification

A single protein sequence in FASTA format

The following steps show you how to use the GPS-SUMO 1.0 to predict SUMO
modified sites for a single protein sequence in FASTA format.

(1) Firstly, please use “Ctrl+C & Ctrl+V” (Windows & Linux/Unix) or “Command+C
& Command+V” (Mac) to copy and paste your sequence into the text form of
GPS-SUMO 1.0

@ GPS-SUMO 1.0 - Prediction of SUMOylation Sites & SUMO-interaction Motifs

File Tools Help
Predicted Sites
[z} Pogition Peptide Seore Cutoff Type

Enter sequence(s) in FASTA format
-GINE4
MTEEVDFLGADEDGGEEEWLTPAELIERLEQANMMEKFAPELLES KPEIVECVIME QLEHMEENLRRAKREDLKYEIHAMEMERI R TVLES LR CRLMKIEKFF PHYLEKEKTRPEGERS

o i ] [}

Sumeylatien Thresheld SUMO Interaction Threshold Consele

[meum [+] [ medium =] | Example I Clear Loat File Submit

Note: for a single protein, the sequence without a name in raw format is also OK.
However, for multiple sequences, the name of each protein should be presented.
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(2) Choose a Thresholds of Sumoylation and SUMO-interaction that you need, the
default cut-off is Medium. Note that you can choose “None” to exclude the prediction
of a corresponding modification type.

"= GPS SUMO 1.0 - Prediction of SUMOylation Sites & SUMO-interaction Motifs

File Tools Help
Predicted Sites
([0} Fasitian Peptide Score Cutaff Type

Enter sequence(s) in FASTA format
=GINS4
MTEEVDFLGQDEDGGEEEYYLTPAELIERLEGAYWMNEKFAPELLESKPEVECYME QLEHMEENLRRAKREDLEYSIHAMEMERIRYYLESYLRCRLMKIEKFFPHYLEKEKTRPEGEPS

o I | I»]
Sumoylation Threshold SUMO Interaction Threshold Conscle
|Medium | - ‘ |Medium | - ‘ ‘ Example | Clear Load File Submit

(3) Click on the Submit button, then the predicted sumoylation
sites/SUMO-interaction motif will be shown.

"= GPS SUMO 1.0 - Prediction of SUMOylation Sites & SUMO-interaction Motifs

File Tools Help
Predicted Sites

o Pasition Feptide Score Cutoff Type
GINE4 B9 EENLRRAKREDLEVS 16128 16 Sumoylation
GING4 949 YLRCRLMEIEKFFPH 30573 18 Sumaoylation
GINS4 182- 186 VRERQEN ILVEF DTDEQRD B3.826 58.29 SUMD Interaction

Enter sequence(s) in FASTA format
=GINS4
MTEEVDFLGQDEDGGEEEYVLTPAELIERLEGAYWMNEKFAPELLESKPEVECYME QLEHMEENLRRAKREDLEYSIHAMEMERIRYYLESYLRCRLMKIEKFFPHYLEKEKTRPEGEPS

o I | I»]
Sumoylation Threshold SUMO Interaction Threshold Conscle
|Medium | - ‘ |Medium | - ‘ ‘ Example | Clear | Load File | Submit |

(4) Then please click on the RIGHT button in the prediction form. You can use the
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“Select All” and “Copy Selected” to copy the selected results into Clipboard. Then
please copy the results into a file, eg., an EXCEL file for further consideration. Also,
you can choose “Export Prediction” to export the prediction results into a
tab-delimited text file.

@ GPS-SUMO 1.0 - Prediction of SUMOylation Sites & SUMO-interaction Motifs

File Tools Help
Predicted Sites

o Pasition Feptide Score Cutoff Type
GINE4 B9 EENLRRAKREDLEVS 16128 16 Sumoylation
GING4 949 YLRCRLMEIEKFFPH 30573 18 Sumaoylation

Select All

Copy Selected

Export Result
GINS4 182- 186 VRERGEN ILVEP DTDEQRD B3.926 5079 VIETEFD i

Enter sequence(s) in FASTA format

[P GINS4
MTEEYDFLGODSDGGEEEW LTPAELIERLEGAVWMNEKFAPELLESKPENVECYME QLEHMEENLRRAKREDLEYSIHAMEMERIRYWLESYLRCRLMKIEKFFPHYLEKEKTRPEGEPS

o I |
SUMO Interaction Threshold

Sumeylatien Thresheld Consele

|Medium | - ‘ |Medium | - ‘ ‘ Example | Clear | Load File | Submit

To visualize the predicted site please click on the “Visualize” menu.

(== DOGC 2.0 - New Project

File Edit Tools Help
Canvas - 800x300 Component List
Protein (1;223)
>> Domain (182;186;ILVEF
> > Site (69;K69)
>> Site (99;K99)
> > Mote (GINS4)
GINS4
KE9
2232
K399
[4] Il ] [v]
Console
\ Protein |  Domain || site [ Note [| Line |
[« I [T»]

Again, you can also click the “Export Prediction” in File menu to export the results.

10
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|Fie| Tools Help

Load Sequence File cCtl-L

Exit Alt-F4

Multiple protein sequences in FASTA format

For multiple protein sequences, there are two ways to use the GPS-SUMO 1.0.

A. Input the sequences into text form directly. (Num. of Seq <2,000)

If the number of total protein sequences is not greater than 2,000, you can just use
“Ctrl+C & Ctrl+Vv” (Windows & Linux/Unix) or “Command+C & Command+V”
(Mac) to copy and paste your sequences into the text form of GPS-SUMO 1.0 for
prediction.

‘@ GPS-SUMO 1.0 - Prediction of SUMOylation Sites & SUMO-interaction Motifs

File Tools Help
Predicted Sites
D Position Peptide Score Cutoff Twpe

Enter sequence(s) in FASTA format

= GINE4

MTEEVDFLGADEDGGEEEWLTPAELIERLEGAYWMMEKFAPELLESKPEIVECYME QLEHMEENLRRAKREDLEYEIHAMEMERIRYWLESYLRCRLMKIEKFFPHYLEKEKTRPEGERS
FRNF111

S QW TPEYMNELYTLRYDMKSEIPSDAP KT QESLKGILLHPEPIGAAKSFPAGVEMINSKYGMNEF SHLC DD SOKQEKEMMNGNOROEQEKSLWRKKRKSQOAGPSYWRNCYKENQGILGLE

4] Il ] [v]
Sumeoylation Threshold SUMO Interaction Threshold Consele

[meum [+] [ medium [~] Example Clear Loat File Submit

B. Use Batch Predictor tool.

If the number of protein sequences is very large, eg., yeast or human proteome, please
use the Batch Predictor. Please click on the “Batch Predictor” button in the Tools
menu.

Tools | Help

Batch Predictor ctl-B

Domain Graph Ctrl-D

SUMO Database ctl-=

11
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The following steps show you how to use it:

(1) Put protein sequences into one or several files (eg., SC.fas, CE.fas, and etc) with
FATSA format as below:

>proteinl
XXXX XXX XXX XXX
XXXXX XXX

>protein2
)9,9,9,.9.0.9,0.9.9.0.9,0.9.0.0. %
>protein3
XXXXX XX XX XXX

Most importantly, the name of each protein should be presented.

(2) Click on the Batch Predictor button and then click on the Add File button and add
one or more protein sequence files in your hard disk.

‘@ Batch Predictor

Sequence File List Result File List
b
Remove Al | Remaove | Add File Result Export Folder [ = ‘
Sumeylation Thresheld SUMO Interaction Thresheld Censole
Medium | - | ‘Medium |v ‘ | Clear Submit ‘

12



GPS-SUMO Manual

ws Batch Predictor

P T ey
Sequence File List Result File List
@#: |JBatch [~] (=) [s5] (=] [BalE=]
[ CEfas
[ pmras
[ HS.fas
[} MMfas
3tHEE: CEdas’ "Dhfas’ "HE fas" "Ml fas" |
SRR RAETH -
Remove All | Remove | Add File Resut Export Folder 01 [ » |
Sumoylation Threshold SUMO Interaction Threshold Consocle
Medium | - | |Medium ‘ - | ‘ Clear Submit ‘

Then the names of added files will be shown in the Sequence File List.

@s Batch Predictor

=qu Result File List

D:'BatchiCE.fas

D:'BatchiDM.fas

D:BatchHS.fas

D:'BatchiMM.fas

Bt
Remove Al | Remaove | Add File Result Export Folder [D1Batch [ = ‘

Sumeylation Thresheld SUMO Interaction Thresheld Censole
Medium |v| ‘Medium |v‘ | Clear Submit ‘

(3) The output directory of prediction results should also be defined. Please click on
the >> button to specify the export fold.

13
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ws Batch Predictor

T ey

Sequence File List Result File List
D:iBatch'CEfas
D:\Batch'DM.fas
D:Batch'HS fas
D:Batch'Mi.fas

R | Sl MEEIEE R

SpkRe: [DaBatch| |

Stppes: [Folder v

|
Remove All | Remove | Add File I Result Export Folder [0 \Fialch | = |

Sumoeylation Thresheld SUMO Interaction Threshold Console
Medium ‘v| |Medium ‘V| | Clear Submit |

(4) Please choose a proper threshold before prediction. Then please click on the Submit
button, then the Batch Predictor begin to process all of the sequence files that have
been added to the list. The result of prediction will be export to the Result Export Fold,
and the name of result files will be shown in the Result File List.

‘== Batch Predictor

Sequence File List

D:BatchiCE.fas D:iBatchiCE.sumo.txt

D:BatchiDM.fas D:iBatchiDM.sumo.txt

D:BatchHS.fas D:BatchiHS.sumo.txt

D:'BatchiMM.fas D:BatchiMM.sumo.txt

-
Remove Al | Remaove | Add File Result Export Folder [D:\Batch | = ‘

Sumeylation Threshold SUMO Interaction Thresheld  Conscle

Medium | - | ‘Medium |v ‘ | Clear Submit ‘

14
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The usage of SUMO database

In GPS-SUMO 1.0, a SUMO modification database was integrated. Please click on the
“SUMO Database” button in Tool menu to launch the database.

Tools | Help

Batch Predictor cul-B
Domain Graph Ctrl-D
SUMO Database cwl-s

Search

The SUMO database was designed in an easy-to-use manner. For simple search, users
could input a SUMO ID with SUMOdb-XXXX-XXXXXX, a UniProt ID (P02768),
protein/gene names/aliases (eg., Serum albumin) or functions. Users could click the
“Example” button one or several times to view the instances.

(= sumoab 1.0

File Tools
Matched List

Information

The CUCKOO Workgroup
\Any Field
SUMOdb ID
UniProt Accession
Protein Name
Protein Alias
Gene Name
Gene Alias Option
Function
Any Field ‘v for | | Fuzzy query Example Clear Save Visua___ Submit

For example, users could input a protein/gene name/aliase, e.g., G-protein, specify the
“Any Field”, and then click on the “Submit” button to search the related information
for this protein.

15
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SUNOdb 1.0

File Tools
Matched List
Information
The CUCKOO Workgroup
Search Option
Any Field ‘ - | for |WEDEDW | [¥] Fuzzy query Any Field Clear Save Visua... Submit

Then the information for G-protein will be shown in the “Information” form.

SUNOdb 1.0

File Tools
Matched List
SUMODB-39606-00002 Aryl hydrocarbon receptor nuclear translocator—like protein 1; Basic—helix—loop-helix-PAS protein
SUMODB-9606-00018 F-box-like/WD repeat-containing protein TBL1X; SMAP55;Transducin beta-like protein 1X;Transdu¢—
SUMODB-10090-00020 Peroxisome proliferator—activated receptor gamma coactivator 1-alpha; ; Ppargcla; Ppargcla;Pgc
SUMODB-10377-00038 Replication and transcription activator; Immediate—early protein Rta;; BRLF1; BRLF1;
SUMODB-9606-00042 Glucocorticoid receptor; Nuclear receptor subfamily 3 group C member 1;; NR3C1; NR3C1;GRL; Z
[{_ Il ]
Information
SUMOdb 1.0 - SUMO Database B
AET:] I Content L
SUMOdb ID  |SUMOdb-9606-00002
Entry Name ||000327 L
UniProt 1000327; A2TING; ASK645: BSMELL; BTWPGY; DIDOW6; 000313; 000314; 000315; 000316; O00317; Q4G136; Q8IUT4:; Q99631;
Accession  ||099649:
Theoretical PT ||6.4
M\;I'Zi:n]? 68762.0
|Genbanik Protein BAA1996S 1. BAA10035 1: BAA12036.1: BAA10037 1: BAA10938 1: BAA19030 1: AACS51213 1; AAB3IT248 1: AAC24353 1: BAG53120.1;
= [BAF84100.1; ABM64205.1. EAWG68504.1; EAW68505.1; EAWG68510.1; EAW68511.1; FAWG68513.1; AAHI6674.1; AAH31214.1;
AAH41120.2;
Genbank [D89722: AB000812: ABOO0813: AB000814: AB000815: ABO00816: U51627: U60415: AF044288: AK095749: AK201510: EF015894:
Nucleotide ID_||AC016884: AC022878° CHA471064; CH471064: CH471064: CH471064; CH471064 BCO16674;: BC031214: BC041120:
Protein Name ||Aryl hydrocarbon receptor nuclear translocator-like protein 1
Protein [Basic-helix-loop-helix-PAS protein MOP3 Brain and muscle ARNT-like 1;Class E basic helix-loop-helix protein 5;bHLHeS:Member of PAS
Synonyms/Alias |protein 3,PAS domain-containing protein 3;bHLH-PAS protein JAP3;
Gene Name  |JARNTL =
Search Option
Any Field ‘ - | for [raceptor | ] Fuzzy query Any Field Clear Save Visua... Submit

The FASTA sequence for this protein would also be shown in the “Information”

form.

16
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File Tools

Matched List

SUMODB-9606-00002 #Zryl hydrocarbon receptor muclear translocator-like protein 1; Basic-helix-loop-helix-PAS protein MOP
SUMODE-9606-00018 F-box-like/WD repeat-containing protein TBL1X; SMAPS5;Transducin beta-like protein 1X;:Transducin-het.
SUMODB-10090-00020 Peroxisome proliferator-activated receptor gamma coactivator 1-alpha; ; Ppargcla; Ppargcla;Pgcel ;Pyc
SUMODB-10377-00038 Replication and transcription activator; Immediate—early protein Rta;; BRLF1; BRLF1;
SUMODE-9606-00042 Glucocorticeid receptor; Huclear receptox suhfamlly 3 group C member 1,, HR3C1; WR3CL;GRL;

[4]

[ Il ] Io]
Infermation
FSFMNPWTKE VEYIVSTNTV VLANVLEGGD PTFPOLTASE HIMDSMLPSG EGGPERTHET 480 =
VPGIPGGTRA GAGKIGRMIA EEIMEIHRIR GESPS3CGESS PLNITSTPPP DASSPGGEKI 540
LNGGTPDIPS ICLLIGOAQE NPGYPY¥IDIS FILGENPHIG IDMIDNDOQGS 23PINDEAAM 600
AVIMILLEAD AGLGGPVDES DLPWPL (¥4

>3 UMOodb-9606-00002 | 000327

MADQRMD ISSTISDFMSPGP TDLLSS3LGTSGVICNREREGISTD YQESMD TDEDDPHGR
[LEYTEHQGRIKNAREAHS QIEKRRRDEMNSE IDELASL VP TCNAMSRELDEL TVLRMAVQ
HMETLRGATNP Y TEANYEPTFLSDDELKHL ILRAADGFLFVVGCDRGKILFVSESVEKIL
M¥SONDL IGQSLEDYLHEPKD IAKVEECLSSSDTAPRERL IDAKTGLPVETD ITPGESRLC
SEARRSFFCRMEKCNRPSVEVEDKDFPSTCSKEEADRKSFCTIHS TGYLESWRP P TKMGLDE

RASIA DNEFDNEGCNLSCLVAIGRLISHVVEQPVNGE IRVESMETVSRHA IDGEFVFVDQRATAT
LAYTLEQELLGTSCYEYFHQDD IGHLAECHRQVLOTREKITINCYKFKIKDGSE ITLRSRW | -
FSFMNPWIKEVEY IVS TN TVVLANVLEGGDP TFPOL TASPHSMDSMLPSGEGGPKRTHET
PGIPGGTRAGAGKIGRMIAEEIME IHRIRGSSPS3CGESPLNITSTPPPDASSPGEREL
LNGGTPD IPSSGLLSGOAQENPGTPYSDSSS ILGENPHIGIDMIDND Q533 PSNDEARM =
[V IMSLLEADAGLGGPVDFSDLEWPL
[E1RI| . Licytoplast;, =] L
GO:0016604; Cnuclear body, [EAEnsembl
G0:0005667; Ciranscription factor complex; IPIMGI
GO:0003677; FDMA hinding; IGEMGT
GO:0051879; F:Hsp?0 protein binding, IDABHF-UCL
G0:0000982; F:RNA polymerase II core prumuter prozimal region sequence-specific DNA binding transcription factor activity,IS3:BHF -UCL =
e Pt s I EAAAT AN TORTA wonfenn s, R rermemenfetfiers vt Yt Prommimmeovorar i e, (velierscnec i Brreesibeend]) i eovorel P errerel e of2 =]
Search Option
Any Field | |for [recaptor | o7 Fuzey query Any Field Clear Save Visualize | Submit

The searched results could be saved in HTML format.

SUNOdb 1.0

File Tools
Matched List

SUMODB-9606-00002 Aryl hydrocarbon receptor nuclear translocator—like protein 1; Basic—helix-loop-helix-PAS protein
SUMODB-9606-00018 F-box-like/WD repeat-containing protein TBL1X; SMAP55;Transducin beta-like protein 1X;Transdu¢—
SUMODB-10090-00020 Peroxisome proliferator—activated receptor gamma coactivator 1-alpha; ; Ppargcla; Ppargcla;Pge
SUMODB-10377-00038 Replication and transcription activator; Immediate—early protein Rta;; BRLF1; BRLF1;

ISUM0DB—9606—00042 Glucocorticoid receptor; Nuclear receptor subfamily 3 group € member 1;; NR3C1; NR3C1;GRL; =
1 I = [»

Information
[Protein Sequence DNEPDNEGCN Save In: | Batch_Predictor_Source ‘v‘
LAYLPQELLGT]
IFSFMNPWTKE!
PGIPGGTRAG
LNGGTPDIPSS!
IAVIMSLLEADA
>SUMOdb-960¢
MADQRMDISST]
LEYTEHQGRIKI
HMKTLRGATN
INYSQNDLIGQ:
ISGARRSFFCRI
DNEPDNEGCNY| Files of Type: [HTML ¢--htmi I~]
LAYLPQELLGT]
FSFMNPWTKE!
PGIPGGTRAG
LNGGTPDIPSSGLLSGUAGENPGYPYSDS Sl GENPHGIDMDND OGS SoPSNDEARM
IAVIMSLLEADAGLGGPVDFSDLPWPL
IGO:0005737; C:cytoplasm;IEAInterPro
IGO:0016604: Cnuclear body;IEAEnsembl
5667 C-transcription factor complex;IPTMGI

l2M-NNNIETT- TTIWIA hindinm TOTASCT

Search Option

Any Field ‘v|fur |recepmr |Fuzzv query Any Field Clear I Save I Visua... Submit

[»]

File Name: [ |

FASTA

-

Notably, you can click on the “Visualize” button to view the sumoyaltion site or
SUMO-interaction motif (green in graph) in our DOG 2 package.
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(e DOGC 2.0 - dog/SUNODB-9606—-00598. xml

File Edit Tools Help
Canvas Component List
Protein (1;1071)
>> Domain (430;434;VLVV
>3 Site (430;434;VLVVE)
>3> Note (SUMOdb-9606-0
SUMOdb-9606-00598
N '
1071
VLVVE
Console
Protein I| Domain I| site I| Note I| Line |
[« I »

Advance search

The SUMO database supports three advance options, including advance search, browse,
BLAST search. The Advance search option allows you to input up to three terms to find

the information more specifically. The querying fields can be empty if fewer terms are
needed.

[« suEOdb 1.0

File [Tools
Mat Advance Search Aita
Browse AlLB
Blast Search Alt-S
Information
The CUCKOO Weorkgroup
Search Option
Any Field ‘v | for | ||E Fuzzy query Clear Save Visua... Submit

18
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First, users could click on the “Tools” button then click on the “Advance Search”
button to open this option.

By clicking the “Example” button, you can try an instance for usage. You can input
DNA repair(Function), Histone (Protein Name), and 9606 (SUMOdb ID) for querying.

(= sSUNOdb - Advance Search

Matched List

Information

Search Option

[] Exclude ‘Func(iun |v HDNA repair ‘ Example
® and O or Clear

Exclude ‘Pru(ein Name |v Hsttune ‘ Save
® and O or Visualize

[] Exclude [SUMOdb ID [ = |[e80s | Submit

Then the result will be shown as follow:

(= sSUNOdb - Advance Search '

Matched List

SUMOdb-9606-00068 Interferon regulatory factor 1; ; IRF1; IRF1;
SUMOdb-9606-00104 Transcriptional repressor protein YY1; Delta transcription factor;INO80 complex subunit S5;NF-|
SUMOdb-9606-00135 Breast cancer type 1 susceptibility protein; RING finger protein 53;; BRCA1; BRCA1;RNF53;
SUMOdb-9606-00148 DNA repair protein RAD52 homolog; ; RAD52; RAD52;

lSl|.lM0db*9606700224 G/T mismatchfsplecific thymine DNA glycosylase; Thymine-DNA glycosylase;hTDG;; TDG; TDG;
q Il [

[4]

Information

D]

SUMQdb 1.0 - SUMO Database
Tag I Content r

SUMOdb ID |[SUMOdb-9606-00068
Entry Name |[P10914

UniProt
Accession [P10914; Q96GGT:
Theoretical PI [5.22
Molecular
Weight
Genbank
Protein ID
Genbank
Nucleotide ID
Protein Name |[Interferon regulatory factor 1
Pratein Ad

Search Option

36502.0

ICAA32624.1; AAAIG043.1; AAV3E561.1; AAHO0483.1;

X 14454: L05072: BT019756: BC009483:

(] Exdude‘Func(iun |vHDNA repair ‘ Example

® and O or Clear
Exclude ‘Pru(ein Name |v Hsttune ‘ Save

® and O or Visualize

[] Exclude [SUMOdb ID [ = |[e80s | Submit
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Again, you can click on the “Visualize” button to open a schematic diagram for
sumoylation site.

(= DOG 2.0 - dog/SUNOdb—9606-00068. znl
File Edit Tools Help
canvas Component List
Protein (1,325)
>> Site (275;K275)
>> Site (299;K299)
>> Note (SUMOdb-9606-0

SUMOdb-9606-00068

Console

Protein Il Demain I site | Nole I Line |

Browse

The SUMO database supports the browse function. The Browse search allows users to
view all entries in SUMO database.

First, users could click on the “Tools” button then click on the “Browse” button to
visualize all SUMO proteins. Users could visualize any protein by click on the entries
Listed in the “SUMO ID” form. Also, by clicking the “Visualize” button, a schematic
diagram of protein SUMO modified sites will be shown.
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[ «: SUNOdb 1.0

File | Tools

Mal Advance Search

Browse Alt-B
Blast Search Alt-S

Information

Search

The CUCKOO Workgroup

Option

Any Fiald [=|tor|

||_E Fuzzy query Example Clear Save Visua... Submit

(= SUBOdb - Browse

SUMOdb ID

SUMOdb-3702-00000

Cyclophilin ROC3; ; ROC3; ROC3;AT2G16600;

SUMOdb-9606-00001
SUMOdb-9606-00002
SUMOdb-9606-00003
SUMOdb-9606-00004

Potassium channel subfamily K member 1; Inward rectifying potassium channel protein TWIK-
Aryl hydrocarbon receptor nuclear translocator-like protein 1; Basic—helix—loop-helix—PAS pr
Dynamin-1-like protein; Dnmlp/Vpslp-like protein;DVLP;Dynamin family member proline-ric

[4]

[«] i

Pesca‘dillo homolog; ; PES1; PES];
I

Information

SUMOdb ID

SUMOdb-3702-00000

SUMOdb 1.0 - SUMO Database

Entry Name |[F4IL90

UniProt

5 [F41L.99;
Accession

Theoretical PI }6.11

Molecular

15992.0
Weignt ||

IGenbank Protein
D

IAEC06518.1:

Genbank

Nucleotide ID ICPO02685;

Protem Name

[Cyclophilin ROC3

Protem
Synonyms/Afias

Gene Name  |[ROC3

Gene
Sunonuma/Aliac

Filter

[ROC3;AT2G16600;

[4]

Finally, all browsed results could be saved in HTML format.

Blast search

The SUMO database also supports the searching function by sequence alignment. The
blastp program from NCBI BLAST+ packages was included in SUMO database. Users
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could input one protein (not MRNA sequence) in FASTA or RAW format a time to
search identical or homologous entries. First, users could click on the “Tools” button
then click on the “Blast Search” button to open the Blast search window.

[ «: SUNOdb 1.0

File | Tools

Mal Advance Search Aita
Browse Alt-B
Blast Search Alts

Information

The CUCKOO Workgroup
Search Option
Any Field ‘ - | for | | | Fuzzy query Example Clear Save Visua... Submit

== SUNOdb - Blast Search
Matched List

Information
Enter a sequence in FASTA format Option
E-Value < (0.01 -
Species All
Example

Clear

Save

Visualize

Submit

Then users could either click on the “Example” button in the Option form or directly
input a protein sequence in FASTA or RAW format. Please note that only one protein is
permitted a time. Then please click on the “Submit” button to search identical or
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homologous entries. The E-value and species could be user-defined in the Option form.

SUM0db — Blast Search
Matched List

Information

Tha AIIANAN Mlaskasnna d
Enter a sequence in FASTA format Option
=>DAXK || Evawe< [0.01 -
MATANSIVLDDDDEDEAAAQF GP SHPLPNAASP GAEAPSSSEP HGARGSSES G GKKCYKLENEKLFEEFLEL CKMQTADHPEWWPFLY Species  |All -
NRQQRAHSLFLASAEFCNILSRVLSRARSRPAKLYVYINELCTVLKAHSAKKKLNLAPAATTSNEPSGNNPPTHLSLDPTNAENTASQSP
RTRGSRRQIORLEQLLALYVAEIRRL QEKEL DLSELDDFDSAYLQEARLKRKLIRLF GRLCELKDCSSLTGRVIEQRIPYRGTRYPEVNR Example
RIERLINKP GPDTFPDYGDVLRAVEKAAARHSL GLPRAOL OLMAQDAFRDVGIRLAERRHLDLIYNFGCHLTDDYRPGVDPALSDPVLA | _ Clear
RRLRENRSLAMSRLDEVISKYAMLQDKSEEGERKKRRARLQGTSSHSADTPEASLD SGEGPSGMASQGCP SASRAETDDEDDEESD
EEEEEEEEEEEEFATDSEEEEDL EQMOEGOEDDEEEDEEEEAAAGKD GDKSPMSSLOISNEKNLEP GKQISRSSGEQQNKGRIVSPS Save
LLSEEPLAPSSIDAESN GEQPEEL TLEEESPVSOLFELEIEALPLDTPSSVETDISSSRKQSEERFTTVLEN GAGMYSSTSFNGEVSPHN Visualize
WGDSGPPCKKSRKEKKQTGSGPLGNSYVERQRSVHEKNGKKICTLPSPPSPLASLAPVADSSTRVDSPSHGLVTSSLCIPSPARLSQT ||
PHSOPPRP GTCKTSVATQCDPEEIVLSDSD =l Submit

SUM0db — Blast Search
Matched List
SUMODB-9606-00309 Identities=100.00% E-Value=0.0 Score(bits)=1496

Information

SUMOQOdb 1.0 - SUMO Database
LET] Content

SUMOdb ID [SUMOdb-9606-00309
Entry Name ||QOUERT

UniProt
Accession

Theoretical PI |4.79
Molecular
Weight

i)

IQOUERT. B4E1I3: FSHO82. 014747. 015141 015208; QSSTKO: QOBWI3;

81373.0

IAABO2671.1; AAB63043.1; AAB66585.2. AAC39853.1; AACT2843.1; BAA34205.1; BAG64795.1; CAG33366.1; CAI17527.1; CAT18124.1;
ICAT41788 1; CAQO8035 1: CAQO8265.1; CAB09986.2: CAB09986 2: CAB0O98Q 2- CAB0Q989 2: EAX03722 1; AAH00220.1; AAT09074.1;
IAAT09075.1:

Enter a sequence in FASTA format Option

Genbank
Protem [D

[4]

== DA 1= E-Value < (0.01 -
MATANSIIVLDDDDEDEAAAQP GPSHPLPMAASP GAEAPSSSEPHGARGSSSSGGKKCYKLENEKLFEEFLEL CKMQTADHPEVVPFLY
NRQQRAHSLFLASAEFCNILSRVLSRARSRPAKLYVYIMELCTVLKAHSAKKKLNLAPAATTSMNEPSGNNPPTHLSLDPTMAENTASQSP
RTRGSRRQIORLEQLLALYVAEIRRLQEKEL DLSELDDPDSAYLQEARL KRKLIRLF GRLCELKDCSSLTGRVIEQRIPYRGTRYPEVNR Example
RIERLINKPGPDTFPDY GDVLRAVEKAAARHSLGLPRQQLGLMAQDAFROVGIRLQERRHLDLIYNFGCHLTDDYRPGVDPALSDPVLA
RRLRENRSLAMSRLDEVISKYAMLQDKSEEGERKKRRARLQGTSSHSADTPEASLD SGEGPSGMASQGCPSASRAETDDEDDEESD
EEEEEEEEEEEEFATDSEEEEDLEQMQEGQEDDEEEDEEEEAAAGKD GDKSPMSSLQISNEKNLEP GKQISRSSGEQQNKGRIVSPS Save
LLSEEPLAPSSIDAESNGEQPEELTLEEESPVSQLFELEIEALPLDTPSSVETDISSSRKQSEEPFTTVLEN GAGMVSSTSFNGGVSPHN Visualize
WGDSGPPCKKSRKEKKQTGSGPLGNSYVERQRSVHEKNGKKICTLPSPPSPLASLAPVADSSTRVDSPSHGLVTSSLCIPSPARLSQT
PHSQFPRP GTCKTSVATQCDPEEIVLSDSD

Species  |All -

= Clear

Submii

<

Again, users could visualize any SUMO proteins by clicking on the entries listed in the
“Matched list” form. And the results could be saved by clicking on the “Save” button in
the Option form. Or you can click on the “Visualize” button to view the SUMO
modified sites.
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Release Note

. Jan. 7th, 2008, the online service and the local stand-alone packages of SUMOsp
2.0 were released.
. Jan. 29th, 2008, a bug was found that the version 2.0 couldn’t be properly used
under non-English Operating Systems.
. Feb. 16th, 2008, the version 2.0 manual was written and included in the packages.
Aug. 28th, 2008, DOG (Domain Graph) 1.0 was integrated into SUMOsp 2.0.2 and

a new function of visualizing the predicted sites was added.

Feb. 2nd, 2009, SUMOsp version 2.0.3 was released. We moved the SUMOsp
web server to a new website (http://sumosp.biocuckoo.org) and a new GPS logo
was put into use.

Jul. 23rd, 2009, SUMOsp version 2.0.4 was released. Check for update function
was added. DOG (Domain Graph) was updated to version 1.0.5.

Dec.30th, 2013, by improving the prediction algorithm with the Particle Swarm
Optimization (PSO) and adding the novel SUMO-interaction Motifs prediction
feature, we developed an updated version of SUMOsp and renamed it as
GPS-SUMO 1.0.
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